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Description 

BACKGROUND OF THE INVENTiON 

[0001] The present invention relates to an approach 
for relieving pain and for treating behavioral and percep- 
tive abnormalities, by using myoblast transfer therapy to 
provide a long-term, continuous supply of peptides in 
vivo that have analgesic activity. 
[0002] Modern analgesia theory advanced signifi- 
cantly with a proposal by Pomeranz et ai, Exp. Neurol, 
54: 172 (1977), that a morphine-like, pituitary peptide 
mediates acupuncture analgesia. Electroacupuncture 
was found to reduce responses In spinal cord neurons 
to noxious stimuli in anesthetized cats and to increase 
squeak threshold in awake mice. TTie observed, pro- 
longed time course implicated a hormonal mechanism 
for the response. Spinal transaction, decerebration or 
hypophysectomy eliminated this acupuncture effect 
and intravenous Irijections of naloxone, a nx)rphine 
antagonist, also reduced it markedly 
[0003] These results Indicate that electroacupuncture 
stimulates sensory nerves which activate the pituitary 
glands to release morphine-like hormones (peptides) 
effecting prolonged reduction in transmission along 
nociceptive pathways. This mechanism is believed to be 
a principal mediator of generalized and focalized anal- 
gesia. 

[0004] Morphine-like peptides have been Identified, 
and receptors to morphine-like peptides and to other 
opioid peptides have been found in the brain, the gut 
the pituitary gland, the pancreas and the placenta. 
Hughes et al., Nature 258: 577 (1975); Pert et al„ 
Scierwe 179: 1011 (1979). These peptides now are 
known as p-endorphins and enkephalins. Cooper etal., 
THE BIOCHEMICAL BASIS OF PHARMACOLOGY. 4th 
ed. (Oxford University Press, New York 1982). Further- 
more, stimulation of brain neurons witii an opioid pep- 
tide such as an endorphin produces analgesia. Rekis et 
al., Ann. Rev. Physiol. 40: 21 7 (1 978). This effect can be 
reversed by naloxone. 

[0005] Opfoid peptkles. especially p-endorphins, are 
essentially neural hormones or transmitters which reach 
all body tissue through diffusion. The presence of 
endorphin receptors In large numbers at different areas 
of the diencephalon and cerebral cortex suggests that 
the conjugate opioid peptides play a role In analgesia 
which goes beyond that of a simple modulator of pain 
perception. Covenas et aL Neuropeptides 30: 261 
(1996); Bernstein et al., Neurosci. Lett. 215: 33 (1996); 
Bianchi etaJ., Brain Res. Bull. 40: 269 (1996). Indeed, 
increases in cerebrospinal fluid and plasma levels of 
endoiphins have been shown to modulate and optimize 
behavforal patterns exhibited in patients suffering from 
str ss. psychiatric disorders, alcoholism, drug addition, 
obesity, and diabetes. Ryu et al.. Am. J. Chin. Med. 24: 
193 (1996); Odagiri et a/., Int J. Sports Med. 17: 325 
(1996); Dalayeun et af., Biotned. Pharmacother. 47: 



311 (1993): Gtanoulakis etal., J. Psychiatry Neurosci. 
18: 148 (1993). Thes inaeases also promote natural 
killer cell mediated cytotoxicity Jonsdottir et al., Regul. 
Pept. 23: 113 1996); Sacerdote etal., Regul. Pept. 63: 
5 79(1996). 

ItmS] Analgesia also is affected by binding of a pain 
mediator called "substance P" to Its receptor. There are 
many similarities between the terminals of opioid neu- 
rons and tiie terminals of substance P sensitive neu- 

10 rons. For example, both types of terminals mediate pain 
sensation in the spinal cord. Jessel et af., Nature 268: 
549 (1977). As indicated, for example, in Japanese pat- 
ent document JP 3133998, substance P receptors have 
been shown to act as analgesics by masking the activity 

15 Of substance R According to PCT application WO 
92/16547, the NK-1 receptor preferentially binds sub- 
stance P and can be used to treat pain, inflammatory 
disease, mental illness and stress. 
[0007] Patients afflicted wrth conditions such as 

20 Stress, psychiatric disorders, alcoholism, drug addition, 
obesity, and diat>etes may obtain some nr^sure of 
relief from an above-nonmal level of endogenous opioid 
peptides in their plasma. Clinical relief of symptoms of 
these conditions have been associated with tiie binding 

25 Of opioid peptkles witfi their receptors, which is directiy 
correlated wrtii the level of opioid peptides in the 
patient*s plasma and cerebrospinal flukl. Patients also 
may benefit from increased levels of substance P recep- 
tors or sul)stance P analogs. See WO 92/16547, supra. 

30 and PCT applfoation WO 91/02745. To date, no adverse 
reaction has been associated with physiofogfoal 
increases in plasma or cerebrospinal fluid levels of p- 
endorphins. enkephalins or substance P receptors. 
[0008] The use of drugs to increase the production 
35 and/or secretion of opioid peptides may provkJe tempo- 
rary relief, but uncontrollable drug metabolism and 
rough dosage eventually will overtax the "sidC neurons 
and their counterparts. Furthermore, the skJe effects of 
drugs are numerous and undesirable. Opioid peptides 
40 tiiemselves and opioid peptide receptors have been 
administered as sedatives and analgesics, see U.S. 
patent No. 4.123.523, but the effects of such administra- 
tions are short-lived. 

[0009] Xenogeneic tumor cells secreting p-endorphin 
45 have been transplanted into spinal cord cerebro-spinal 
fluid space of rats, producing analgesic effects. Saitoh 
etal., Cell Trans. 4 (Supp. 1): S13-7 (1995). The trans- 
planted cells were reported to survive for one month, 
and in vitro studies indrcated that the cells woukj 
so secrete p-endorphin for one month. AtT-20 cells and 
AtT-20/hENK cells, which secrete p-endorphin and 
enkephalin, respectively, were inrplanted into mouse 
spinal subarachnoid space to Investigate their use as a 
therapy for paia WU et al., J. Neurosci. 14(8): 4806 
65 (1994); J. Neural Transplant. Plast. 4(1): 15 (1993). But 
these procedures are very Invasive and therefore very 
dangerous, since they Involve the transplantation of 
cells directiy into cerebrospinal ilM or spinal subarach- 
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noid space. Also, only a limited number of cells are 
transplanted, making the amount of opioid peptide pro- 
vided by these methods limited, 
[0010] A need therefore exists for a method of long 
term analgesia by supplying a peptide that binds to opi- s 
oid receptors or that interferes with binding of substance 
P to its receptors in vivo over a long time period. Such a 
method would be useful for treating chronic pain and 
psychiatric conditions that Involve abnormal perception, 
such as depression, chronic anxiety syndromes, para- ic 
noia, alcoholism, and drug addiction, arKi other dis- 
eases in which opioid neurons arxj substatice P 
terminals play a role. 

SUMMARY QF T HE INVENTION is 

[001 1 ] Accordingly, it is an object of the present inven- 
tion to provide a method of treating psychiatric condi- 
tions that involve abnormal perception, such as 
depression, chronic anxiety syndromes, paranoia, aico- 2o 
holism, and drug addiction, chronic pain, and other dis- 
eases in which opioid neurons and substance P 
sensitive neurons play a role. It is also an object of the 
present invention to provide a composition for perform- 
ing this method. 25 
[001 2] In accordance with this and other objects of the 
invention, there is provided a method of continuously 
supplying in vivo a peptide that can bind to opioid recep- 
tors or that can interfere with binding of substance P to 
its receptor comprising the steps of (a) transducing 30 
myogenic cells with DNA encoding the peptide, and (b) 
administering the transduced myogenic cells to a 
patient, such that the cells continuously produce the 
peptide. In one embodiment, the analgesic peptide is 
selected from the group consisting of an opioid peptide, 35 
a polypeptide that binds substance P and a substance P 
analog. In one emlxxllment the myogenic cells are 
selected from tiie group consisting of myoblasts, myo- 
tubes, and muscle cells. In another embodiment, the 
cells are transduced with DNA encoding multiple copy 40 
sequences of the peptide separated by cleavage sites. 
In anottier embodiment the transduced cells are admin- 
istered by intramuscutar injection into a paraspinal mus- 
cle of the patient. In yet another embodiment, large 
chondroitin-6-sulfate proteoglycan or insulin is adminis- 45 
tered with the transduced myogenic cells. Co-adntinls- 
tration of an immunosuppressant also is preferred in 
some entxxiiments. 

[0013] The Invention also provides a method of con- 
tinuously supplying in vivo a naturally oocuning analge- so 
sic peptide comprising the steps of (a) transducing 
myogenic cells with DNA containing a promoter for an 
endogenous structural gene encocing the peptide, and 
(b) adminfetering the transduced myogenic cells to a 
patient, such that the cells continuously produce the ss 
peptide. 

[0014] The invention furtfier provides a composition 
for continuously supplying in vivo a peptide that binds 



an opioid receptor or that interferes with binding of sub- 
stance P to its receptor, comprising the steps of (a) 
transducing myogenic cells that contain heterologous 
DNA and that express ttie peptide, and a pharmaceuti- 
cally acceptable can-ier. In one embodiment, ttie heter- 
ologous DNA comprises a gene encoding the peptide 
and a promoter. In another embodiment, the heterolo- 
gous DNA conriprises a promoter for an endogenous 
structural gene encoding the peptide. In anotiier 
emtKxJiment the composition additionally comprises 
large chondroitin-6-sulfate proteoglycan or insulin. 
[0016] Additional objects and advantages of the inven- 
tion are set forth in part in the description that follows, 
and in part will be obvious from tiie description, or may 
be learned by practice of the invention. 

DETAILED D ESCRIPTION OF PREFERRED gMROr^ 
IMENTS 

[001 6] It has been discovered that genetically trans- 
duced myogenic cells can be employed to provide a 
long-term, continuous supply of a peptide having anal- 
gesic activity. This method is useful for treating chronic 
pain as well as psychiatric conditions tfiat involve abnor- 
mal perception, such as depression, chronic anxiety 
syndromes, paranoia, alcoholism, arxJ drug addiction, 
and other diseases in which neurons that bind opioids 
and/or neurons that bind substance P play a role. Such 
conditions have not been treated heretofore by long- 
term administration of analgesic peptide in vivo. 
[0017] Analgesic peptides suitable for tiie invention 
are peptides that bind opfoid receptors or tfiat interfere 
with binding of substance P to its receptor. Among these 
peptides are opioid peptides, polypeptides that bind 
substance P, and peptides that are substance P ana- 
logs. In this context, the phrase "polypeptide that binds 
substance P" denotes a peptide or protein that has 
affinity for substarwe P such as. for example, substance 
P receptor protein or a peptide or peptide analog 
derived from this receptor and tiiat retain the ability to 
bind substance P. Such peptides and proteins bind sub- 
stance P and thereby interfere with the binding of sub- 
stance P with Its receptor. The skilled artisan can test 
binding to siAstance P with an assay. Substance P ana- 
logs act as analgesics by interfering with binding 
between sul)stance P and its receptor. For exanple, 
PCT application WO 91A)2745. supra, disctoses ana- 
logs that do not exhibit the natural activity of substance 
P but tiiat act as competitive inhbrtors of substance R 
[0018] In accordance with the inventioa myogenic 
cells are transduced ex vivo so that tiiey express at 
least one of the above-enumerated peptides, either 
while In cell culture, or after differentiation in vivo. Cells 
tiiat have been trar^uced with a gene encoding such a 
peptide are administered to the patient, for example, by 
injection into muscle or adipos tissue of tiie patient. 
The transduced cells can survive and g-ow in the recip- 
ient tissue. For example, cells injected into musde tis- 
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sue can form myotubes and mature into muscle fibers. 
Cells injected int adipose tissu can survive and be 
converted into fat cells. Transduced cells injected into 
both types of tissue can express the desired analgesic 
peptide continuously. The expressed peptide exits the s 
cell and travels through the blood to other areas of the 
body, including the spinal cord and brain. 
[0019] Myoblast transfer therapy (MTT) has been 
used to treat muscle weakness and degeneration and is 
a useful technique for administering cells that express ic 
an analgesic peptide. See US. patent No. 5.130.141, 
the contents of which are incorporated herein by refer- 
ence. In accordance with this method, genetically nor- 
mal myogenic cells are administered to a myopathic 
musde of the patient, thereby increasing muscle tunc- 75 
tion, locomotive patterns and respiratory fundion. Nor- 
mal myoblast transfer therapy has been shown to 
produce the missing protein dystrophin fa up to six 
years in Duchenne muscular dystrophy patients. Law et 
a!.. Cell Transplantation 6: 95-1 00 (1 997). 20 
[0020] Although early myoblast transfer studies used 
musde as the recipient tissue, other tissues also can be 
used. F=6r example, myoblasts can grow after their injec- 
tion or surgical implantation into adipose tissue, as 
desaibed by Satoh et al., Transplantation Proceedings 25 
24: 3017-19(1992). 

[0021] Myoblasts have been transduced witii genes 
for Factor IX. erythropoietin (EPO), and human growth 
hormone, arxl the F^s ligand to increase drculating lev- 
els of these proteins. Thompson. Thronib. and 30 
Haemost, 74(1): 45 (1995): Hamanrwri et al„ J. Clin. 
Invest. 95: 1808 (1995). and Human Gene Therapy 5: 
1349 (1994); Ban- et al.s Science 254: 1507 (1991); 
Dhawan et a/.. Science 254: 1509 (1991); Lau et al., 
Science 273: 109 (1996). The success of these meth- 35 
ods has varied According to Thompson (1995). for 
Instance, preliminary data suggest that human myob- 
lasts renrxTved from the body survived less well In cul- 
ture and progressively lost their ability to express fector 
IX. Lau et al. (1996), reports that expression of the Fas 40 
ligand was focal and appeared to cease after 80 days. 
On the other hand. Hamamori et al. (1994) reports ttiat 
the in vivo implantation of a stable, high level. EPO-pro- 
ducing muscle cell clone resulted in sustained high 
serum EPO levels for three nfx>ntiis. and Dhawan et al. 45 
(1991) states that transduced myoblasts continued to 
secrete hGH after they differentiated into myotubes, 
with no difference in seaetion levels between nn^oblasts 
and myotubes. 

[0022] Transduced myoblasts have not been used pre- so 
viously to SMpply an analgesic peptide continuously in 
vivo, however. Furthennore. although gene therapy has 
been studied as a means of supplying opfoid peptides in 
vivo, the transduced cells were injected directiy into spi- 
nal cord, ceretwo-spinal fluid or spinal subarachnoid ss 
space. Saitoh et al., Cell Trans. 4 (Supp. 1): S13-7 
(1995); WU et al., J. Neurosd., 14(8): 4806 (1994); Wu 
et ai., J, Neural Transplant. Plast. 4(1): 15 (1993). As 



discussed above, these methods are very invasive, only 
a limited number of cells are transplanted, and tiie 
transduced cells expressed the opioid peptides for only 
one month. In accordance witii the present invention, by 
5 contrast, the transduced myoblasts are not injected into 
ttie central nervous system. Moreover, unlike ttie short- 
term expression of opioid peptides effected in conven- 
tional gene ttierapies. the present invention provides a 
continuous, long-term supply of opioid peptides which 
10 lasts, for example, up to at least six years. These 
aspects of the present invention represent distinct 
advantages tiiat have not been appreciated. 
[0023] Myogenic cells that are suitable for the present 
invention include myoblasts, myotubes, and muscle 
15 fber cells. Myoblasts are particularly prefened. in 
accordance witii one embodiment of the Invention. 
Myoblasts are mononuclear embryonic muscle cells 
ttiat differentiate into multinucleated myotubes. Each 
nucleus of a myoblast contains over 100,000 genes. 
20 including genes for opioid peptides such as p-endor- 
phins and enkephalins. Myoblasts divide extensively, 
migrate, fuse naturally to form syncytia, lose MHC-1 
antigens soon after fusion, and constitute about 50% of 
the dry body weight of humans. Myoblasts are unusual 
25 in ttiat they are capable of natural cell fusion among 
themselves and with mature muscle f toers. As a result 
of this fusion, a transduced myoblast transfers its 
nucleus and therefore all of its genes to the celt with 
which it fuses, which may be a genetically normal or an 
30 abnormal muscle cell. 

[0024] Myogenic cells can be obtained from a patient 
to be treated, from a relative, or from another human or 
ottier animal donor. In a typical procedure, 1 to 2 grams 
of skeletal muscle is harvested from a dona. Myogenic 
35 cells also can be cultured or produced by cloning meth- 
ods known to those skilled in the art as shown, for 
example, in U.S. patent No. 5,130,141. 
[0025] In accordance with one embodiment of the 
invention, muscle cells from a human or animal donor 
40 are stimulated 0-3 days before harvesting to produce a 
reservoir of satdlrte cells that are myoblast reserves in 
mature musdes. The myogenic cells can by stimulated 
by, for example, injuring the cells witii a number of nee- 
dle probings, or by sonication. 
45 [0026] In accordance with one embodiment of tiie 
invention, harvested cells are processed to obtain a 
pure culture of myoblasts. See Law et al. Cell 
Transplant. 1: 235 (1992); Cell Transplant. 2: 485 
(1993): Muscle and Nerve 11: 525-33 (1988). For 
so example, a muscle biopsy is dissociated with 0.1% col- 
lagenase and 0.2% crude trypsin in phosphate buffered 
saline at pH 73. The mixture is stirred for 45 minutes, 
witii tfiree changes of enzyme solution alternated with 
tfiree changes of a neutralizing medium conprising 100 
65 parts Dulbecco^s modified Eagle's Medium (DMEM. 
Gibco) containing 0.37% NaHCOg and 4mM glutamine; 
10 parts horse serum and 1% antibiotic-anti-mycotic. 
[0027] Pursuant to one embodiment of the present 
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invention, the harvested myogenic cells are transduced 
ex vivo with DNA encoding a peptide that either binds 
an endorphin receptor or that inhibits binding of sub- 
stance P to Its receptor. Peptides that are known to have 
suitable activity in this context are p-endorphin, a- 
endorphin. gamma-endorphin. delta-endorphin. Met 
sup 5 (a five amino acid residue peptide with endorphin- 
like activity), active endorphin peptides comprising 
parts of the p-endorphin sequence, enkephalin, an NK- 
1 receptor, a polypeptide that binds substance P, or a 
substance P analog that competitively Inhibits the bind- 
ing of substance P to its receptor. The phrase "sub- 
stance P analog" denotes a peptide that comprises the 
five carboxy-termlnal amino acid sequence of sub- 
stance P (-Phe-Phe-Gly-Leu-Met) and that binds to the 
substance P receptor, Inhibiting substance P activity. 
See Payan, Ann. Rev. Med. 40: 341 (1989). and PCT 
application WO 91/02745. 

10028] Additional peptides can be found by kinetics 
experiments that reveal whether a given peptide either 
binds to an opioid receptor or competes for binding 
between substance P and Its receptor. These experi- 
ments can be done routinely. See, for example. PCT 
application WO 92/16547. 

[0029] DNA sequences useful for the invention are 
known or can be designed by those skilled in the art 
from known amino acid sequences of the peptides. For 
example, Saitoh et a!., Cell Trans. 4 (Supp. 1) : Si 3-7 
(1995), discloses a DNA sequence that codes for p- 
endorphin; Wu et al. (1993. 1994), supra, disclose 
sequences for p-endorphin and enkephalin; U.S. patent 
No. 4.123.523 disdoses amino acid sequences of p- 
endorphln peptides; PCT application WO 92/16547 dis- 
closes a gene encoding the substance P receptor NK-1 ; 
Japanese patent document JP 3133998 discloses the 
amino add sequence of a substance P receptor; and 
PCT application WO 91/02745 disdoses the amino add 
sequences of several substance P analogs, such as 
deletion and addition mutants of substance P. 
[0030] In accordance with one embodiment of the 
invention, the DNA encodes a plurality of copies of a 
peptide tiiat produces analgesia. In a preferred embod- 
iment the peptide is an opioid peptide and regions of the 
DNA that code for multiple copies are separated by 
deavage sites (see PCT application WO 96/17941). 
This embodiment can provide an amplified amount of a 
naturally occurring peptide. 

[0031] The transduction of myogenic cells with a DNA 
sequence can be effected via known methods, such as 
those reported by Thompson (1995) and Hamamorl et 
a/. (1995). supra. Generally, a DNA construct is used 
that contains a promoter upstream of the structural 
gene that encodes the desired peptide. Suitable pro- 
moters are described, for example, in U.S. patent Na 
5.618.698. 

[0032] According to another embodiment of the 
present Inventfon. the harvested myogenic celts are 
transduced ex wvo with a DfsIA containing a pronxrter 



that can link up with and function (i.e., turn on or 
increase expressi n) with an endogenous gen within 
the nucleus of a myogenic cell. In this embodiment, 
DNA comprising a regulatory sequence, an exon and a 
5 splice donor are introduced into a cell by homologous 
recombination into the cell's genome at a preselected 
site. The introduction of this DNA results in the produc- 
tion of a new transcription unit in which the regulatory 
sequence, exon and splice donor site are operatively 
10 linked to the endogenous gene. 

[0033] The Introduction of DNA typically is followed by 
selection of cells that have received a pronxrter in a 
desired location, to turn on the desired gene. Applicable 
selection methodology is described, for instance, in U.S. 
75 patent Nos. 5,641.670 and 5,272.071, Selection tech- 
niques also are described by Mansour et al., Nature 
136: 348. 349 (1988). After selection, the cells which 
express the desired gene are cultured and then Intro- 
duced into a patient 
20 [0034] The transduced myogenic cells are cultured to 
produce a suffldent quantity of cells for administration 
to the patient by any of a variety of methods known in 
the art. For example, see Law et al. (1988. 1992). 
supra. The amount of cells cultured will depend on the 
25 condition of the patient and the severity of the disease 
being treated. For example, from about 1 billion to about 
100 billion myoblasts can be cultured for adnfiinlstration 
to a patient. In accordance with one embodiment of the 
invention, cells are cultured in the neutralizing medium 
30 described above, supplemented with two parts of chick 
embryo extract. Cells are fed fresh growth medium 
every two days, and are Incubated In 7% CO2 at ZTC 
for 35-40 days. 

[0035] In accordance with one entxxJiment of the 

35 invention, the transduced cells are administered to the 
patient by intramuscular injection. Law et al.. Cell 
Transplant. 1 : 235 (1992); loa cit. 2: 485 (1993); Law et 
al. Exp. Neurol., Transplant Proc. 29: 2234 (1997). Tlie 
amount of opfoid peptides provided in accordance with 

40 the present invention can be controlled by selecting the 
number of muscles injected and the number of cells 
injected. In accordance with one embocfiment of the 
Invention, the direction of injection is controlled to opti- 
mize the number of transduced cells delivered to recipi- 

45 ent musde fibers. For example, injecting tiie 
administered cells diagonally through muscle fibers has 
been shown to maximize the resulting number of mus- 
de f bers fused with administered cells. 
[0036] Pursuant to another embodiment of the inven- 

50 tion. transduced ceils are administered to specific mus- 
des which help target the cells to a location between 
laminae IV and V of the spinal cord. For example, the 
transduced cells can be injected Into paraspinal mus- 
des or neck musdes, such as the levator scapulae. 

S5 Although transduced myogenic cells administered any- 
where in the body will secrete peptides that will travel 
through the blood and reach the spinal receptors, tar- 
geting the administration of the cells to paraspinal mus- 
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cles or neck muscles that are in proximtty to the spinal 
cord is expected to result in more peptides reaching th 
receptors more rapidly, thereby increasing the efficacy 
of the method. 

[0037] The transduced cells also may be administered s 
by surgical implarrtation into the patient. The cells can 
be implanted in, for example, adipose tissue. 
[0038] In a further embodiment, the patient also is 
given an effective amount of an immunosuppressant to 
minimize rejection of the transduced cells. See U.S. pat- io 
ent No. 5,130.141 and Law etal, (1992. 1993). supra. 
For example, cyclosporin A. another immunosuppres- 
sant, or combinations of immunosuppressants, can be 
given in accordance with known procedures. Suitable 
dosage forms, dosage amounts and dosing schedules 75 
are known in the art. For example, cyclosporin A can be 
given orally in a daily dose of about 7 mg/kg body 
weight A typical dosing schedule comprises giving the 
daily dose in two divided doses, and the patient's whole 
blood can be monitored to maintain a trough level of 20 
about 250 mg/rni cyclosporin A. 
[0039] In accordance with one embodiment of the 
invention, fusion of the transduced myoblasts is facili- 
tated by administration of large chondroitin-6-sulfate 
proteoglycan (LC6SP) as described in the above-cited 25 
U.S. application Serial No. 08/477,377. Trauma from 
injecting myoblasts Into the extracellular matrix triggers 
the release of basic fSiroblast growth factor and large 
chondroitin-6-sulfate proteoglycan. These released 
molecules stimulate myoblast proliferation. Increasing 30 
the level of large chondroitin-6-sulfate proteoglycan at 
the injection site facilitates myoblast fusion and prolifer- 
ation. Accordingly. In accordance with one embodiment 
of the invention, large chondroHin-6-sulfate proteogly- 
can preferably Is administered with the transduced 35 
myoblasts. 

[0040] In accordance with one embodiment of the 
invention, the large chondroitin-6-sulfate proteoglycan 
is under-sulphated. See Hutchison et al., DeveL BioL 
115: 78-83 (1986). Large chondroctin-6-sulfate prote- 40 
oglycan is believed to be synthesized in an under-sul- 
phated form pre-fusion, but becomes more highly 
sulphated post-fusion. Id. As used here, therefore, the 
phrase "under-sulphated large chondrortin-6-suttete 
proteoglycan" denotes a degree of sulphation that is 45 
about the same as that observed in naturally occun'ing 
large chondrortin-6-sul^te proteoglycan from cells just 
before fusion. In accordance with this aspect of the 
invention under-sulphated large chondroitin-6-sulfate 
proteoglycan is administered at a concentration so 
between about 5^M to about 5 mM. Chondro(tin-6-sul- 
fate can be administered togettier with the transduced 
cells, or can be given in a separate formulation as a sep- 
arate injection. 

[0041 ] Insulin also fadlrtates proliferation of myoblasts ss 
and promotes myotube development. In accordance 
with one aspect of the invention, therefore. Insulin is 
administered with the transduced myocytes. For exanv 



pie about 0.2mM of insulin can be given, either as part 
of th same formulation as the cells, or as a separate 
formulation, given, for example, in a separate injection, 
[0042] In accordance with one embodiment of th 
invention, undesirable effects from over-production of 
the desired peptide are regulated with agonists such as 
naloxone or SP-40.40. Pomeranz et al., Altern. Thor. 
Health Med. 2: 85 (1996); Choi-Miura et al, BioL 
Pharm. Bull. 16: 228 (1993); Pomeranz et al., Exp 
Neurol. 54: 172 (1977). For example, if the endogenous 
level of the peptide becomes too high, naloxone or SP- 
40.40 can be administered to counteract tiie peptide's 
effects. Typical symptoms of over-production of an anal- 
gesic peptide include extreme drowsiness, low respira- 
tory rate, cyanosis, low blood pressure, symmetrical, 
pinpoint pupils, and depressed urine formation. A usual 
course of naloxone treatment involves giving small intra- 
venous or intramuscular doses of naloxone (about 0.4 
mg to about 0.8 mg). Symptoms frequentiy improve 
after the first dose, but can be repeated after 2^ min- 
utes, up to a total dose of about 1 0 mg. 
[0043] As discussed above, tiie administration of 
transduced myogenic cells in accordance witii tiie 
present invention provides a continuous, long-term sup- 
ply of an analgesic peptide in wVo. The peptide travels 
from the site of synthesis such as from musde or adi- 
pose tissue and reach sensory nerve endings, the spi- 
nal cord and brain, where it combines with nerve cell 
receptors to produce analgesia. Analgesia produced by 
tiie peptide is useful for treating chronic pain and psy- 
chiatric conditions that involve abnormal perception, 
such as depression, chronic anxiety syndromes, para- 
noia, alcoholism, and drug addiction, and other dis- 
eases in which opioid neurons and substance P 
terminals play a rola The continuous k>ng-t6rm supply 
of an analgesic peptide in vivo as a medical treatment 
offers a novel methodology of treating these conditions. 
[0044] The invention also provides a composition that 
makes an analgesic peptide that binds to opioid recep- 
tors or interferes with binding of substance P to its 
receptor in vivo. In one embodiment, tiie composition 
comprises myogenk; cells containing heterologous DNA 
coding for an analgesic peptide togettier with one or 
more pharmaceutically acceptable carriers. 
[0045] Examples of suitable pharmaceutical carriers 
include diluents, solvents, buffers, and/or presen/atives. 
An example of a pharmaceutically acceptable carrier is 
phosphate buffer that contains NaCI. Other pharmaceu- 
tically acceptable carriers include aqueous solutions, 
non-toxic exdpients, salts, preservatives, buffers and 
ttie like, as described in REMINGTON'S PHARMACEU- 
TICAL SCIENCES, 15th Ed. Easton: Mack Publishing 
Co., pages 1405-1412 and pages 1461-1487 (1975). 
and THE NATIONAL FORMULARY XIV.. 14tti Ed. 
Washington: American Pharmaceutical Association 
(1975). Examples of non-aqueous solvents are propyl- 
ene glycol, pdyetfiylene glycol, vegetable oil and inject- 
able organic esters such as ettiyldeate. Aqueous 
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carriers include water, alcoholic/aqueous solutions, 
saline solutions, parenteral vehicles such as sodium 
chloride. Ringer's dextrose, etc. Intravenous vehicles 
include fluid and nutrient rej^enishers. Preservatives 
include antimicrobials, anti-oxidants, chelating agents 5 
and inert gases. The pH and exact concentration of the 
various connponents of the binding composition are 
adjusted according to routine skills in the art. See 
GOODMAN AND OILMAN'S THE PHARMACOLOGI- 
CAL BASIS FOR THERAPEUTICS (7th ed.) ,0 
[0046] In accordance with one embodiment, the com- 
position comprises transduced myogenic cells, large 
choncfrortin-6-suffate proteoglycan, and a pharmaceuti- 
cally acceptable carrier. 

[0047] In accordance with another embodiment the is 
composition comprises transduced myogenic cells, 
insulin, and a pharmaceutically acceptable carrier. 
[0048] The embodiments of the invention are further 
illustrated through the following examples which show 
aspects of the invention in detail. These examples illus- 20 
trate specific elements of the invention and are not to be 
construed as limiting the scope thereof. 

Example 1. Treatment of Patient Suffering from 
Depression by Injection into Muscle Tissue 25 

[0049] Tlie skeletal muscles of a patient suffering from 
a psychiatric condition invofving depression are stimu- 
lated by numerous needle probings to produce a reser- 
voir of satellite myoblast cells. Three days later, the 30 
patent is placed under general anesthesia, and 2 g of 
skeletal muscle are harvested from the patient. The har- 
vested muscle is processed to obtain a pure culture of 
myoblasts. The harvested nrusde is dissected free of 
skin and other tissue and the cells are dissociated with 35 
0.1% collagenase and 0.2% crude trypsin in phosphate 
buffered saline at pH 7.3. The mixture is stirred for 45 
minutes, with three changes of enzyme solution alter- 
nated with three changes of a neutralizing medium com- 
prising 100 parts Dulbecco's modified Eagle's Medium 40 
(DMEM, Gibco) containing 0.37% NaHCQg and 4mM 
glutamine; 10 parts horse serum and 1% antibiotic-anti- 
mycotic. 

[0050] These myoblasts are transduced with DNA 
containing a gene for enkephalin and a suitabie pro- 45 
meter. The transduced myoblasts then are cultured in 
the neutralizing medium desaibed above supple- 
mented with 2 parts of chick embryo extract The cells 
are fed fresh growth medium every 2 days, and are Incu- 
bated in 7% CO2 at 37«C for 40 days, when about 2 bil- so 
Iran myoblast cells (progeny of the transduced myogenic 
cells) are present. 

[0051] The patient again is placed under general 
anesthesia and the progeny of the transduced myo- 
genic cells are injected intramuscularly, into paraspinal ss 
muscles of the patient. Within one week thereafter, the 
patient's symptoms shouki begin to ameliorate. 



Example 2. Treatment of Patient Suffering from 
Depression by Injection into Adipose Tissue 

[0052] Myoblasts are obtained and transduced as 
described in Example 1 to form about 10 billion progeny 
myoblast cells. The patient's breast tissue is anesthe- 
tized and the cells are injected into the anesthetized tis- 
sue. Within one week thereafter the patient's symptoms 
shouki begin to ameliorate. 

Example 3. Treatment of Patient Suffering from 
Alcotiollsm 

[0053] The skeletal muscles of a patient suffering from 
alcoholism are stimulated by sonication to produce a 
reservoir of satellite myoblast cells. Three days later, the 
patient is placed under general anestiiesia. and 2 g of 
skeletal muscle are han^ested from the patient. The har- 
vested muscle is processed to obtain a pure culture of 
myoblasts as described in Example 1 above. 
[0054] These myoblasts are transduced wrtii DNA 
containing a promoter for an endogenous p-endorphin 
gene. The transduced myoblasts then are cultured as 
described in Example 1 above, until 50 billion cells are 
obtained. 

[0055] The patient is again placed under general 
anesthesia and the progeny of the transduced myo- 
genic cells are injected into paraspinal muscles of the 
patient. 

[0056] Wrthin one week after the procedure, the 
patient's symptoms begin to be relieved. 

Example 4. Composition For Providing a Long- 
Term, Continuous Supply of Enkephalin In Vim 

[0057] The following composition is provided: 

1 billion myogenic cells transduced with DNA that 
codes for enkephalin; and a phosphate buffer con- 
taining NaQ and human serum albumen as a phar- 
maceutically acceptable canier. 

Example 5. Composition For Providing a Long- 
Term, Continuous Supply of p-Endorphln In Vivo 

[0058] The following composition is provkled: 

1 billion myogenic cells transduced with DNA that 
codes for a pronxrter of a human endorphin gene; 
and water as a pharmaceutically acceptable carrier. 

[0059] It will be apparent to those skilled in tiie art that 
various nfKXfif ications and variations can be made to the 
processes and compositions of this invention. Thus, it is 
intended that the present invention cover the modiffca- 
tions and variations of this invention provided they come 
within the scope of the appended claims and their 
equivalents. 
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Claims 

1 . A composition for supplying a peptide in vivo that 
binds to an opioid receptor or that Interferes with 
binding of substance P to its receptor, comprising s 
(1) myogenic ceils that contain heterologous DNA 
encoding the peptide, such that the myogenic cells 
express the peptide, and (ii) a pharmaceutically 
acceptable cannier. 

10 

2. The composition according to claim 1 . wherein the 
heterologous DNA comprises a structural gene for 
the peptide and a promoter. 

3. The composition of claim 2, wherein the heterolo- is 
gous DNA comprises multiple copies of a gene for 
the peptide. 

4. The composition of claim 1. wherein the peptide is 

an opioid peptide. 20 

5- The composition of claim 4. wherein the opioid pep- 
tide is selected from the group consisting of p- 
endorphin, a-endorphin, gamma-endorphin, delta- 
endorphin, and Met sup 5. 25 

6. The composition of claim 4. wherein the opioid pep- 
tide is selected from the group consisting of p- 
endorphins and enkephalins, and wherein the het- 
erologous DNA comprises a promoter for an 30 
endogenous structural gene encoding the peptide. 

7. The composition of claim 1 . wherein the peptide is 
a polypeptide that binds substance P. 

35 

8. The composition of claim 1 , wherein the peptide is 
a substance P analog comprising the sequence - 
Phe-Phe-Gly-Leu-Met. 

9. The composition of claim 1. further comprising 4o 
large chondroitin-6-sutfate proteoglycan. 

1 0. The composition of daim 9, wherein the large chon- 
droitin-6-sulfate proteoglycan is under-sulphated. 

45 

11. The composition of claim 1. further comprising 
insulin. 

12. The use of myogenic cells that contain heterolo- 
gous DNA encoding a peptide that binds an opioid so 
receptor or that interferes with binding of substance 

P to its receptor for therapy. 

13. The use of myogenic cells that contain heterolo- 
gous DNA encoding a peptide that binds an opioid ss 
receptor or that interferes with binding of substance 

P to its receptor for the manufacture of a pharma- 
ceutical composition for supplying in vivo said pep- 



tide. 

1 4. The use of claim 1 3 . wherein the peptide is selected 
from the group consisting of an opioid peptide, a 
polypeptide that binds substance P. and a sub- 
stance P analog. 

1 5. The use of daim 1 3, whera'n the myogenic cells are 
selected from the group consisting of nTyot>lasts, 
myotubes. and musde fiber cells. 

1 6. Tne use of daim 13, wherein the myogenic cells are 
harvested from skeletal muscle tissue of the 
patient. 

17. The use of daim 13, wherein the myogenic cells are 
harvested from skeletal muscle tissue of a normal 
donor. 

18. The use of claim 16, wherein the skeletal tissue Is 
stimulated before harvesting to produce a reservoir 
of satellite myoblast cells. 

19. The use of claim 16, wherein the harvested myo- 
genic cells are processed to produce a purified 
sample of myoblast cells. 

20. The use of daim 13. wherein the transduced myo- 
genic cells are cultured to produce a sample of 
transduced myogenic cell progeny comprising at 
least 1 billion cells. 

21. The use of daim 13. wherein the peptide is an opi- 
dd peptide. 

22. The use of daim 21 . wherein the opioid peptkie is 
selected from the group consisting of p-endorphin, 
a-endorphin. gamma-endorphin, delta-endorpKn. 
Met sup 5. and enkephalin. 

23. The use of daim 13, wherein the peptkie is a 
polypeptide that binds substance P. 

24. The use of claim 13, wherein the peptkle comprises 
the sequence Phe-Phe-Gly-Leu-Met. 

25. The use of daim 13, wherein tiie DNA comprises 
two nudeotide sequences, each coding for the pep- 
tide, and a segment separating the two nucleotide 
sequences, wherein the segment codes for a deav- 
age site. 

26. The use of daim 13, wherein the composition is 
presented in a form adapted to be administered by 
intramuscular injection. 

27. The use of daim 26, wherein the composition is 
adapted to be injected into a paraspinal nxisde of 
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the patient- 

28. The use of claim 26, wherein the composition is 
adapted to be injected into a levator scapulae mus- 
cle of the patient. s 

29. The use of claim 26, wherein the composition is 
adapted to be injected Into a neck muscle of the 
patient. 

10 

30. The use of claim 13, wherein the composition is 
administered with large chondroitin-6-sulfate prote- 
oglycan. 

31. The use of claim 13. wherein the conrposition is is 
administered with insulin. 

32. The use of claim 13, wherein an imnruinosuppres- 
sant is administered prior to. simultaneously with or 
subsequent to administration of the composi- 20 
tion. 

33. Use of myogenic cells for the nr^nufacture of a com- 
position for continuously supplying an opioid recep- 
tor45inding peptide in vivo, comprising the steps of 25 

(a) transducing a plurality of myogenic cells, at 
least some of which contain (i) a gene that 
codes for the peptide and GO a flanking region 
associated with the gene under conditions con- 30 
dudve to homologous recombination, with 
DMA that comprises a promoter and a segment 
that is homologous to the flanking region; 

(b) selecting among the plurality for myogenic 35 
cells wherein the promoter and tiie gene are 
functionally linked; 

(c) multiplying the myogenic cells selected in 
step (b) to produce progeny cells; and 40 

(d) formulating the progeny cells, which contin- 
uously produce the peptide, as a composition. 

45 
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